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COMPLETE SPECIFICATION 

Improvements in or relating to an Integrated Gas Turbine 

Generator Unit 



I, Rene Antoine Michel Toesca, a 
citizen of the United States of America, of 
Robin-Dell, RD 1, Boyertown, Pennsylvania, 
United-States of America, do hereby declare 
5 the invention for which I pray that a Patent 
may be granted to me and the method by 
which it is to be performed to be particularly 
described in and by the following state- 
ment : — 

10 As is well known, in most low-power gas 
turbine generators, more particularly in those 
in which the power does not exceed 50 kW, 
the gas turbine shaft is driven at very high 
speed, namely at some 35,000 to 80,000 RPM, 

-15 while the generator rotor is driven at speeds 
usually lying between 3,000 and 12,000 RPM. 

In such units, reduction gears have to be 
provided, which, in most cases, are heavier 
than the gas turbine itself. 

20 It is the object of this invention to over- 
come this drawback by providing a new gas 
turbine-engine driven current-generating 
machine which is of simple construction not- 
withstanding its high efficiency, thereby mak- 

25 ing it possible to considerably reduce the cost 
of this type of machine. 

A machine according to this invention com- 
prises, within a casing rigid with the stator of 
a rotary generator, supporting bearings for a 

30 shaft connecting the rotor of said generator 
to a gas turbine engine which consists of a 
centrifugal compressor joined side by side to a 
driving turbine which is rigid with the, free 
extremity of said shaft, said shaft-supporting 

35 casing being furthermore rigidly connected to 
a second casing which forms the turbine 
engine enclosure. 

Further characteristics of the invention will 
become apparent from the following descrip- 

40 tion given with reference to the accompany- 
ing, drawings, which are given by way of ex- 
ample only and not of limitation and in 
which : 



Figure 1 is a partly diagrammatic sectional 
side elevation view of a gas turbine engine 
generator set according to this invention. 

Figure 2 is a fragmentary sectional view on 
a larger scale, showing a detail of the method" 
of construction. 

Figure 3 is a schematic diagram illustrating 
one possible embodiment of the mechanism 
utilized for supplying and controlling the 
unit shown in figure 1. 

Figures 4 to 8 are schematic diagrams show- 
ing various possible embodiments of this 
mechanism for starting the turbine engine 
generator set according to figure 1. 

Figures 9 and 10 . are highly diagrammatic 
illustrations of construction al : modifications 
made to certain components of the set. 

Referring first to figure 1, the turbine 
engine generator set shown thereon com- 
prises a main casing 1 embodying, at one 
extremity, a supporting housing 2 for a 
bearing 3, said casing 1 being provided at 
its other extremity with a screw thread 4, 
onto which is screwed a housing 5 containing 
a second bearing 6. The two bearings 3 and 

6 serve" to support a .shaft 7, the extremity 

7 a of which drives the rotor 8 of an electric 
generator which is generally designated by 
the reference numeral 9; 

Said generator 9, which may be an AG 
generator, comprises a stator 10 the method 
of execution of which may vary widely; said 
stator is supported by a seat la embodied for 
the purpose in said main casing 1. 

The other extremity 7b of shaft 7 forms a 
flange 11 provided- with tapped- holes 12 into 
which are screwed studs 13 which unite two 
wheels 14 and 15, which wheels are con- 
sequently also rigidly united with said flange ; 
11 and hence with shaft 7. 

Wheels 14 and 15 respectively constitute the 
rotor of a turbine and the rotor of a Centri- 
fugal compressor' which compressor is de~ 
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signed to co-operate with said turbine rotor, 
as will be described hereinafter. 

The two wheels 14 and 15 are disposed 
within a secondary casing which is generally 
5 designated by reference numeral 16 and which 
is connected to main casing 1 by supporting 
spacers 17. 

As may be clearly seen in figure 1, casing 
16 co-operates with the outer wall lb of 
10 casing 1 to form an inlet duct 18 of progres- 
sively decreasing cross-section. 

Casing 16 also forms, near the extremities 
of the blades 15a equipping the compressor 
15, a duct 19 inside which are disposed 
15 a plurality of diffusers 20. 

Furthermore, between the two wheels 15 
and 14, casing 16 forms a separating parti- 
tion 21, and, beyond said partition . 21, 
a wall 22 which, in conjunction with 

20 partition 21, bounds ducts inside which are 
positioned nozzles 23 which are thus located 
opposite the leading edge of blades 14a of 
the turbine formed by wheel 14. 

The outer peripheral edge 16a of casing 

25 16 is utilized to support an enclosure 24 which 
may be fabricated say, from stainless steel- 
plate or from any other convenient material. 
Said enclosure is annular shaped and is con- 
nected to a nozzle 25 which is likewise prefer- 

30 ably fabricated from stainless sheet-metal and 
which is additionally secured to the wall 22 
of casing 16 so as to act as a manifold for the 
gas exhausting from the turbine blades 14-2. 
As is clearly shown in the drawing, nozzle 

35 25 and enclosure 24 bound an annular cham- 
ber 26 inside which is positioned a sleeve 27 
Which is preferably also ifabricatted from! 
stainless sheet-metal and which is supported 
by the outer peripheral edge of wall 22 of 

40 casing 16 and by the outer peripheral edge 
of partition 21 in such manner that the in- 
terior of sleeve 27, which forms a chamber 
28, communicates with the ducts containing 
the expansion nozzles 23 leading to the tur- 

45 bine blades 14a. 

The chamber 28 bounded by sleeve 27 
constitutes a combustion chamber and com- 
municates with the interior of chamber 26 
through holes 29 the number and total cross- 

50 sectional area of which are so chosen that the 
pressure drop in the air flowing from the 
point of exit from the blades of compressor 
15 into the combustion chamber. 28 be as 
small as possible, say about 0.05 kg/cm2. 

55 Said combustion chamber 28 contains 
burners or injectors 30 to which the fuel is 
delivered through passageways 31 connected 
to a manifold 32 which is in turn supplied 
through a line 33. 

60 As will be clear from the preceding des- 
cription, turbine 14, compressor 15 and rotor 
8 of generator 9 are rigid with shaft 7, 
which shaft is supported by the two bearings 
3 and 6. It is consequently manifest that this 

65 assembly will form an extremely rigid whole 



which can be constructed in compact form. 

Whereas, in the drawing, bearings 3 and 
6 are respectively shown as being a toller- 
bearing and a ball-bearing, it will be clear 
to those skilled in the art that these bearings 70 
may be constituted in any other convenient 
manner; more particularly, they may be re- 
placed by plain bearings or if necessary by 
so-called fluid bearings, namely by bearings 
operating hydraulically or pneumatically. 75 

The manner of operation of the compound 
hereinbefore described is self-evident, for 
when the turbine is rotating it drives com- 
pressor 15 which in turn sucks air in through 
duct 18, the intake of which is preferably 80 
equipped with an air filter 18a. 

The ait which is drawn in by the compres- 
sor and then compressed is subsequently 
delivered through duct 19 and through diffu- 
sers 20, after which it enters chamber 26 and 85 
in so doing hugs the walls of the combustion 
chamber, bounded by sleeve 27, thereby en- 
suring cooling of said sleeve, in conjunction 
with heating of the inlet air penetrating into 
the combustion chamber through the holes 29. 90 

Due to the fact that chamber 26 is bounded 
in part by the exhaust nozzle 25, a heat ex- 
change process takes place between the , ex- 
haust gas and the air contained in chamber 
26. This heat transfer can in fact be improvedi 95 
if desired, by providing the nozzle 25 with 
ribs which project into chamber 26 and/or 
into the internal space bounded by said nozzle 
25. 

In the manner well known per se, the air 10C 
admitted into combustion chamber 28 serves 
for the combustion of the fuel issuing from 
the burners or injectors 30, and the burnt 
gas resulting therefrom is constrained to pass 
through the expansion nozzles 23 leading up 105 
to the inlet of turbine rotor 14. 

Since shaft 7 integrally transmits the motion 
imparted to it to the rotor 8 of generator 9, 
said generator 9 will be driven at the same 
speed as the turbine engine assembly herein- 110 
before described. 

In aiming at as simple a design as possible, 
it has been found advantageous to utilize 
burners 30 of the so-called vaporization type, 
consisting of wells into which the fuel is 115 
delivered drop by drop through the passage- 
ways 31, as is clearly shown in figure 2. Since 
these wells are maintained at high temperature 
due to the combustion taking place in cham- 
ber 28, it follows that the fuel (kerosene, say) 120 
is immediately vaporized and ignited, a pro- 
cess which is facilitated by an air circulation 
provided within the wells themselves, the 
bottom of each of which is preferably drilled 
with at least one hole 3Qa. 125 

To regulate the operating speed of the 
machine, particularly when the combustion 
chamber is equipped with burners of the type 
briefly described hereinabove, it is preferable 
to adopt the layout shown in figure. 3, In this 130 
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layout the passageway 33 leading up to the 
manifold 32 (see figure 1) supplying the bur- 
ners is connected to the delivery end of a 
fuel pump 34 which is connected through a 

5 line 35 to a tank 36. Pump 34 is preferably 
driven by an electric motor 37 which is itself 
energized by generator 9, and provision is 
made between passageway 33 and line 35 for 
a regulating device 39 adapted to meter the 

10 quantity of fuel delivered by pump 34 to the 
burners. 

The drawing schematically illustrates how 
the regulator 39 may be designed. The body 
of the regulator embodies a cylinder 38, one 

15 extremity of which is connected to the passage- 
way 33 through a tube 40 and the side wall 
of which is connected through a second tube 
41 to the line 35. 

The interior of cylinder, 38 contains a pis- 

20 ton 42 rigidly connected to a rod 43 over 
which is threaded a spring 44 which thrusts, 
on one hand, against said piston and, on the 
other, against an end-piece 45 which can be 
screwed, say, into and out of the cylinder by 

25 means of a knurled knob 46 or other suitable 
means. 

Said piston 42 is normally positioned bet- 
ween the orifice of tube 40 and the orifice 
of tube 41. In this way the fuel delivered by 

30 pump 34 is normally led through passageway 
33 to the burners, but when the pressure in 
said passageway 33 reaches a sufficient value, 
said pressure, which likewise prevails inside 
cylinder 38, thrusts away piston 42, thereby 

35 enabling part of the fuel delivered to be by- 
passed through tube 41 back to the suction 
end of pump 34. 

By operating knurled knob 46 in the re- 
quired direction it is possible to alter the 

40 position of piston 42 and to consequently 
modify the pressure which the fuel must 
reach before it can thrust away said piston 
and this piston can obviously be moved into 
a position such that it uncovers the orifice 

45 of tube 41, thereby shutting off the supply 
to the burners 30. 

In view of the fact that certain parts of the 
machine hereinbefore described must be 
lubricated, it will be of advantage to utilize the 

50 electric motor. 37 which drives the fuel pump 
to drive at the same time a lubricating pump 
47 which draws the lubricant from a tank 48 
and delivers it through an oilway 49 to the 
various parts to be lubricated, and more 

55 specifically to the bearings 3 and 6, should 
this be necessary. 

The method of feeding fuel to the machine 
as hereinbefore described makes it possible 
to use a very low pressure unit as the pump, 

60 for, since the burners described with reference 
to figure 2 do not include an atomizing hole, 
it is possible to adjust the fuel pressure drop to 
a very low figure by an appropriate choice of 
the outlet section of the passageways 31 

65 delivering the fuel to the burners. 



It has been found that a pressure drop 
of about 0.04 kg/cm2 across the downstream 
end of the monitoring regulator of figure 3 
and the orifices of passageways 31 gives good 
results. 70 

Since the electricity generating machine 
hereinbefore is not called upon to operate 
continuously but intermittently only, pro- 
vision must be made for starting means, which 
means must evidently be adapted to the type 75 
of utilization for which the machine is des- 
tined. 

Reference is now had to figure 4, where- 
from it may be seen that it is possible to 
resort to a particularly rational method of 80 
starting by using the generator 9 as a motor. 

The terminals of said generator are accord- 
ingly connected through rectifier cells 50 and 
51 to the terminals of an oscillator 52 which 
is energized by a battery 53. By using such 85 
circuitry it is thus possible to use the generator 
as a motor for starting purposes. 

Provision may alternatively be made, as is 
clearly shown in figure 5, for an independent 
electric motor 54 supplied directly by a battery 90 
55, and this electric motor may be con- 
nected to shaft 7 through the medium of a 
convenient manually, electrically, hydraulically 
or otherwise controlled clutch 60. 

In the specific case where, for reason, it is 95 
found inconvenient to mechanically connect 
shaft 7 to a clutch or like means, it is alter- 
natively possible, as shown in figure 6, to 
cause electric motor 54 to drive an indepen- 
dent air compressor 56 of the rotary type, say, 100 
the output end 57 of which is connected to 
the inlet of the air compressor 15 equipping 
the gas turbine generator set of this invention. 
Manifestly, with such an arrangement, the air . 
issuing from independent compressor 56 will 105 
consequently drive compressor 15, thereby 
enabling the operating cycle to be initiated. 

When, for any reason whatsoever, it is 
not possible to resort to a source of electric 
power such as the battery 55, the indepen- 110 
dent air compressor 56 can be driven manu- 
ally by means of a handle 58 (figure 7.) 
coupled in driving relation to the rotor of said 
compressor 56 through a train of step-up gears 
59. 115 

Referring now to figure 8, it will be seen 
that it is likewise possible to start the gas 
turbine engine set without the use of either 
an independent compressor or a source of 
electric power. Indeed, recourse may be had 120 
to the handle 58 and the train of step^-up gears 
59, in conjunction with the use of a clutch 
mechanism 60 or any other coupling mechan- 
ism enabling the gear train 59 to be coupled 
to the shaft 7 for starting purposes. 125 

In most cases it will be of advantage for 
the accessories used with the machine to be 
independent of the latter. A case in point is 
illustrated in figure 3 and has been described 
hereinabove with reference thereto. In this 130 
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specific example, the fuel and oil pumps, 
which are driven by electric motor 37, can 
be placed anywhere, even remotely from the 
machine itself. If, for any reason, said acces- 
5 sories must be positioned close to the machine, 
it will evidently be possible to proceed in the 
same manner. Thus, as it more clearly shown 
in figures 9 and 10, the accessories can be 
driven directly off the moving elements of 

10 the machine. To this end (see figure 9), a 
pinion 61 is mounted on shaft 7 between bear- 
ings 3 and 6. This obviously calls for a modi- 
fication to the shape of the casing but in no 
way alters the general structure of the 

15 machine. Through the medium either of a 
reduction pinion 62, a train of pinions, or 
like means, pinion 61 drives the various 
machine accessories and more particularly the 
fuel pump 34 and the oil pump 47. In cases 

20 where it is not considered desirable for pinion 

61 to be positioned between the bearings, said 
pinion may be mounted on that extremity of 
shaft 7 which projects beyond the generator 
rotor 8, as is shown at 61a in figure 10 where- 

25 in the pinion drives a common reduction gear 

62 which operates for all the accessories, and 
•for the pumps 34 and 47 in particular. 

In addition to driving the various items of 
equipment referred to hereinbefore, and more 

30 particularly the fuel and oil pumps, shaft 7 
can be used with advantage to drive other 
servo components. Indeed it will be of parti- 
cular advantages, as shown in figure 1, to 
provide the extremity la of shaft 7 with a 

35 small fan 63 which co-operates with a diffuser 
64 for cooling both the stator and the rotor of 
generator 9. 

In certain cases, moreover, such cooling of 
the electrical components of the generating 

40 can be achieved in other ways. In particular, 
it is possible to provide in the portion lb of 
the casing 1 bounding the inlet duct, suitable 
ports which place the inlet duct 18 in com- 
munication with the chamber bounded by the 

45 stator 10 of generator 9. In this way, when 
the machine is operating, ambient air is 
drawn through the generator by compressor 
15 thereby ensuring cooling of the latter. It 
is possible to rigidly connect the turbine 14 

50 to one or more low pressure turbines, and 
more specifically to an axial-flow type tur- 
bine disposed within the exhaust nozzle 25, 
designed to recover part of the energy con- 
tained in the exhaust gas. Similarly, the 

55 machine can be started by compressed air 
contained in a tank supplied by a hand pump 
or by a circuit which places it in communi- 
cation, during operation of the machine, with 
the delivery side of compressor 15, which 

60 compressor may incorporate a plurality of 
stages. 

WHAT I CLAIM IS:— - 
1 — A gas turbine engine driven current 
generating machine, comprising within a cas- 



ing rigid with the stator of a rotary generator, 65 
bearings .for, supporting a shaft connecting the 
rotor of said generator to a gas turbine 
engine, said turbine engine in turn compris- 
ing a centrifugal compressor joined side by 
side to a driving turbine which is rigid with 70 
the free extremity of said shaft, said shaft- 
supporting casing being furthermore rigidly 
connected to a second casing which constitutes 
the turbine engine enclosure. 

2 — A machine as claimed in claim 1, 75 
wherein the walls facing the shaft-supporting 
casing and the casing enclosing the turbine 
engine are shaped in mutually matching 
fashion so as to bound the inlet duct of said 
turbine engine compressor. 80 

3 — A machine as claimed in claims 1 and 
2, wherein said turbine engine comprises a 
centrifugal compressor which delivers air 
under, pressure into a chamber bounded by 

an enclosure and by an internal nozzle through 85 
which circulates the exhaust gas issuing from 
the power turbine, said chamber enclosing a 
sleeve which bounds the combustion chamber, 
which chamber in turn communicates with 
the power turbine of said turbine engine 90 
through expansion nozzles positioned in ducts 
provided for the purpose in a casing which 
envelops said compressor and said turbine. 

4 — A machine as claimed in claim 3, where- 
in said sleeve bounding the combustion 95 
chamber is provided with holes the total area 

of which is so determined that the pressure 
drop across the chamber into which the air 
is delivered under pressure by the compressor 
and the combustion chamber be small, to the 10C 
order of 0.05 kg/cm2. 

5 — A machine as claimed in claim 3 and 
4, wherein said combustion chamber com- 
prises vaporization type burners consisting 

of wells into which the fuel is delivered drop 105 
by drop, said burners being provided with 
holes for passage of the fresh air delivered 
into said combustion chamber. 

6 — A machine as claimed in claim 5, 
wherein the quantity of fuel delivered to the 110 
burners is metered by an adjustable loaded 
valve which controls a by-pass passageway 
provided between the delivery and suction 
ends of a fuel feed pump. 

7 — A machine as claimed in claim 6, where- 115 
in said fuel feed pump, and possibly, also an 

oil pump, are driven by an independent driv- 
ing unit. 

8 — A machine as claimed in claim 6, where- 
in said fuel pump, and where applicable an 120 
oil pump and other machine ancillaries, are 
driven by a power take-off component 
coupled to the shaft supporting the generator 
rotor. 

9 — A machine as claimed in claim 8, where- 125 
in said power take-off component consists of 

a pinion positioned between the bearings 
which support the shaft joining the generator 
rotor to the turbine engine. 
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10 — A machine as claimed in claim 8, 
wherein said power take-off component con- 
sists of a pinion mounted on said rotor-sup- 
porting shaft and positioned beyond the gener- 

5 ator rotor. 

11 — A machine as claimed in claim 1, 
wherein the shaft supporting the generator 
rotor is supported by two bearings respectively 
positioned close to the generator rotor and 

10 close to the turbine engine compressor. 

12 — A machine as claimed in claim 11, 
wherein said supporting bearings are of the 
roller-or ball-bearing type. 

13 — A machine as claimed in claim 11, 
15 wherein said supporting bearings are plain 

bearings. 

14 — A machine as claimed in claim 11, 
wherein said supporting bearings are so- 
called fluid bearings of the hydraulic or 

20 pneumatic type. 

15 — A machine as claimed in claim 1, 
wherein said machine is provided with start- 
ing means. 

16 — A machine as claimed in claim 15, 
25 wherein said starting means consist of a rever- 
sing electrical mechanism adapted to cause 
said generator to operate as a motor, said 
means comprising a source of direct current 
and an oscillator connected across the ter- 

30 minals of said generator. 

17 — A machine as claimed in claim 15, 
wherein said starting means consist of an in- 
dependent electric motor which is supplied by 
a source of direct current and connected to' 

35 the machine shaft by a clutch means. 

18 — A machine as claimed in claim 15, 
wherein said starting means consist of an 



independent air compressor, the delivery end 
of which is connected to the inlet side of the 
turbine engine compressor. 40 

19 — A machine as claimed in claim 18, 
wherein said independent air compressor is 
electrically-driven. 

20 — A machine as claimed in claim 18, 
wherein said independent air compressor is 45 
manually driven by a handle to which it is 
connected through a train of step-up gears. 

21 — A machine as claimed in claim 15, 
wherein said starting means consist of a manu- 
ally operated component for driving a train 50 
of step-up gears which is connected to the 
machine shaft through a coupling mechanism. 

22 — A machine as claimed in claim 1, 
wherein said machine shaft supports, on that 

of its extremities which is close to the 55 
generator rotor, a fan for blowing cooling air 
over the component parts of said generator. 

23 — A machine as claimed in claim 1, 
wherein said generator is cooled by an air 
circulation which is set up by a partial vacuum 60 
produced by means of ports which place the 
interior of the generator casing in communi- 
cation with the inlet duct of the turbine en- 
gine compressor. 

24. A gas turbine engine driven current 65 
generating machine, substantially as herein- 
before described and illustrated in the 
attached drawings. 

HASELJINE, LAKE & CO., 
Chartered Patent Agents, 
28 Southampton Buildings, 
Chancery Lane, London, W.C.2. 
Agents for the Applicant. 
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